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Physical vacuum is a special superfluid medium populated by enormous amount of virtual particle-
antiparticle pairs. Its motion is described by the modified Navier-Stokes equation: (a) the pressure
gradient divided by the mass density is replaced by the gradient from the quantum potential;
(b) time-averaged the viscosity vanishes, but its variance is not zero. Vortex structures arising in
this medium show infinitely long lifetime owing to zero average viscosity. The nonzero variance
is conditioned by exchanging the vortex energy with zero-point vacuum fluctuations. The vortex
has a non-zero core where the orbital speed vanishes. The speed reaches a maximal value on the
core wall and further it decreases monotonically. The vortex trembles around some average value
and possesses by infinite life time. The vortex ball resulting from topological transformation of the
vortex ring is considered as a model of a particle with spin. Anomalous magnetic moment of electron
is computed.
I. INTRODUCTION
The Navier-Stokes equation possesses by a rich
set of solutions describing motions of fluids rang-
ing from simple irrotational forms up to compli-
cated vortex dynamics. Thanks to the minor
modification of this equation one may get the
equation which describes a motion of a special
superfluid medium - the physical vacuum pop-
ulated by enormous amount of virtual particle-
antiparticle pairs.
The modified Navier-Stokes equation has been
described in the previous article [13] and it has
the following view
m
(
∂~v
∂ t
+ (~v · ∇)~v
)
=
~F
N
− ∇Q + ν(t)∇ 2m~v .
(1)
It is accompanied by the continuity equation
∂ ρ
M
∂ t
+ (∇ · ~v)ρ
M
= 0. (2)
Here ρ
M
= mN/∆V = mρ is a mass density of
the fluid in the volume ∆V populated by N par-
ticles, each has the mass m. The term Q is the
quantum potential and ~F/N is an external force
per particle. We believe, this force is conserva-
tive. The kinetic viscosity of the fluid, ν(t), is a
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fluctuating function of the time with the expec-
tation equal to zero.
The velocity ~v is represented consisting of two
components [7]:
~v = ~v
S
+ ~v
R
, (3)
irrotational, ~v
S
, and solenoidal, ~v
R
. Here sub-
scripts S and R point to existence of scalar and
vector (rotatory) potentials underlying emer-
gence of these velocities. These velocities relate
to vortex-free and vortex motions of the fluid
medium, respectively. Scalar and vector fields
underlie of manifestation of these two types of
velocities. They satisfy the following equations{
(∇ · ~v
S
) 6= 0, [∇× ~v
S
] = 0,
(∇ · ~v
R
) = 0, [∇× ~v
R
] = ~ω.
(4)
Here the vector ~ω is called the vorticity. This
vector is oriented perpendicularly to the plane of
rotation according to the right hand rule, Fig. 1.
y
x
R
FIG. 1: Right hand rule: rotation with the orbital velocity
~vR lies in the plane (x, y). The vorticity vector ~ω is oriented
perpendicular to this plane in direction indicated by thumb
Here we shall study the vortex dynamics.
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2The article is organized by the following man-
ner. Sec. II gives a general presentation of the
vortex dynamics. Sec. III describes a topologi-
cal transformation of the helicoidal vortex ring
to the vortex ball (bubble). Here we discuss ex-
istence of different flows on surface of the ball.
In Sec. IV we propose the vortex ball as a pos-
sible model of the spin 1/2 particle. We com-
pute also the anomalous magnetic moment of
electron. Sec. V gives concluding remarks.
II. VORTEX DYNAMICS
By multiplying Eq. (1) by the operator curl
from the left we obtain the equation for the vor-
ticity
∂ ~ω
∂ t
+ (~ω · ∇)~v = ν( t )∇2~ω. (5)
The rightmost term describes dissipation of the
energy stored in the vortex. As a result, the vor-
tex with the lapse of time should disappear. By
omitting this rightmost term (ν = 0) we open
the action of the Helmholtz theorem [8]: (i) if
fluid particles form, in any moment of the time,
a vortex line, then the same particles support the
vortex line both in the past and in the future;
(ii) ensemble of the vortex lines traced through
a closed contour forms a vortex tube; (iii) in-
tensity of the vortex tube is constant along its
length and does not change in time. The vortex
tube (a) either goes to infinity by both endings;
(b) these endings lean on boundary walls con-
taining the fluid; or (c) these endings are locked
to each on other forming a vortex ring.
Assuming that the fluid is a physical vacuum,
which meets the requirements specified in [13],
we must say that the viscosity vanishes. In that
case, the vorticity ~ω is concentrated in the center
of the vortex, i.e., in the point. Its mathemati-
cal representation is δ-function. This singularity
can be a source of possible divergences of com-
putations in further.
We shall not remove the viscosity. Instead of
that, we hypothesize that the viscosity fluctu-
ates around zero. Its expectation is zero. These
fluctuations represent, in fact, exchanging of the
stored energy in the vortex with the zero-point
vacuum oscillations. The vortex does not disap-
pear completely but it may live so long as pos-
sible. In other words, the vortex is a long-lived
object.
Here we shall consider a simple model of such
a picture. Let us look on the vortex tube in its
cross-section which is oriented along the z-axis
and its center is placed in the coordinate origin
of the plane (x, y). Eq. (5), written down in the
cross-section of the vortex, looks as follows
∂ ω
∂ t
= ν( t )
(
∂ 2ω
∂ r2
+
1
r
∂ ω
∂ r
)
. (6)
A general solution of this equation has the fol-
lowing view
ω(r, t) =
Γ
4Σ(ν, t, σ)
exp
{
− r
2
4Σ(ν, t, σ)
}
, (7)
v(r, t) =
1
r
r∫
0
ω(r′, t)r′dr′ =
Γ
2r
(
1− exp
{
− r
2
4Σ(ν, t, σ)
})
. (8)
Here Γ is the integration constant having di-
mension [length2/time] and the denominator
Σ(ν, t, σ) has a view
Σ(ν, t, σ) =
t∫
0
ν(τ)dτ + σ2. (9)
3Here σ is an arbitrary constant such that the de-
nominator is always positive. The extra param-
eter σ comes from the Gaussian vortex cloud [6]
with the circulation Γ and the radius σ initially
existing. Thanks to this parameter, the vortex
is protected from possible catastrophic finaliza-
tion. If the viscosity does not depend on the
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FIG. 2: Vorticity ω(r, t) in (a) and velocity v(r, t) in (b) as
functions of r and t for Γ = 1, ν = 1, Ω = 2pi, and n = 16.
These parameters are conditional with aim to show qualitative
picture of oscillations of the vortex in time.
time, ν=const and σ = 0, this solution reduces
to the Lamb-Oseen vortex solution [19] which
decays with the time.
On the other hand, if ν( t ) is an alternating
function of time, in average on the time it stays
equal to zero, then the vortex will live indefi-
nitely long. Let, for the sake of simplicity, define
this function as follows
ν( t ) = ν cos(Ω t) = ν
eiΩ t + e−iΩ t
2
(10)
where Ω is an oscillation frequency. Then the
vortex
vacuum  fluctuations
FIG. 3: Periodic energy exchange between the vortex and
vacuum fluctuations
solution (7)-(8) takes the form:
ω(r, t) =
Γ
4(ν/Ω)(sin(Ω t) + n)
× exp
{
− r
2
4(ν/Ω)(sin(Ω t) + n)
}
, (11)
v(r, t) =
Γ
2r
(
1−exp
{
− r
2
4(ν/Ω)(sin(Ω t) + n)
})
.
(12)
Here an arbitrary dimensionless constant n
should be greater then 1, and (ν/Ω) · n = σ2
has dimension [length2]. These solutions as func-
tions of r and t are shown in Figs. 2(a) and 2(b),
respectively. One can see, that these functions
undergo oscillations on the course of time. They
do not attenuate, by demonstrating the oscillat-
ing mode.
The alternating function of time, ν(t), rep-
resenting the kinematic viscosity describes ex-
change of the stored energy of the vortex with
the zero-point vacuum fluctuations, Fig. 3. In
the average, the viscosity of the fluid medium
is equal to zero. It means that this medium is
superfluid. Such an example is well known: at
transition of helium to the superfluid phase [18],
coherent Cooper pairs of electrons are formed
due to the exchanging phonons, which play a
role of fluctuations of a background medium.
Qualitative view of the vortex tube in its cross-
section is shown in Fig. 4. Values of the speed v
are shown by gray color ranging from light gray
(minimal speeds) to dark gray (maximal speeds).
In the center of the vortex, the vortex core (so-
called ”eye of the hurricane” (see in Wikipedia:
‘Tropical cyclone’)) is well viewed. Here it looks
as a small light gray disk, where the speeds have
small values. In the very center of the disk, in
particular, the speed vanishes. This is in stark
4y
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FIG. 4: Cross-section of the vortex tube in the plane (x, y).
Values of the speed v are shown in gray ranging from light
gray (min v) to dark gray (max v). Density of the pixels rep-
resents magnitude of the vorticity. Core of the vortex ω is
well visible in the center.
contrast to conditions in the region where mov-
ing the medium occurs most fast (in Fig. 4 it
looks as a dark gray annular region enclosing the
light gray inner area). This transition region is
named the wall of the core.
To evaluate the radius of the core we need to
equate to zero the first derivative by r of Eq. (12)
and to find its roots. Among two roots we find
the root giving the interested radius [12]
rcore ≈ 2
√
a0(n+ sin(Ω t))
√
ν
Ω
(13)
Here a0 ≈ 1.2564 is a root of the equation
ln(2a0 + 1) − a0 = 0. One can see that the ra-
dius is an oscillating function of time. As Ω is
increased, the core radius decreases. However it
grows with increasing n. At that, with n  1
amplitude of the oscillations becomes negligibly
small.
The trembling of the vortex radius due to ex-
change of the stored energy with the zero-point
vacuum fluctuations creates, perhaps, additional
variations of the pressure in the vacuum leading
to the interaction of the vortices in a flow. Ob-
serve that pair of interacting vortices having op-
posite chiralities, forms a quasi-object, like the
Cooper pairs which exist due to the interaction
by exchanging phonons [18].
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FIG. 5: Helicoidal vortex ring is drawn on the wall of the
vortex core: a0 = 2, b1 = 3, ω 0 = 12ω1, φ 0 = φ1 = 0. The
wall, for the sake of visualization, is colored in light-gray.
III. VORTEX RINGS AND VORTEX BALLS
If we roll up the vortex tube in a ring and glue
together its opposite ends we obtain a helicoidal
vortex ring [16]. Position of points on the vortex
ring in the Cartesian coordinate system is given
by the following set of equations
x = (b1 + a0 cos(ω 0t+ φ 0)) cos(ω1t+ φ1),
y = (b1 + a0 cos(ω 0t+ φ 0)) sin(ω1t+ φ1),
z = a0 sin(ω 0t+ φ 0).
(14)
The frequency ω 0 is that of rotation about points
lying on the center of the tube pointed by arrow
c in Fig. 5. The frequency ω1 is that of rotation
about the center of the torus localized in the
origin (x, y, z). Parameter a0 is the radius of the
tube. And b1 is the radius of the torus - the
distance from the origin to the circle pointed by
arrow c in Fig. 5. The phases φ 0 and φ1 can have
different values between 0 to 2pi. The torus can
be filled by helicoidal rings everywhere densely
by choosing different phases within this interval
with a small increment.
The helicoidal vortex ring, with the parame-
ters a0 = 2, b1 = 3, ω 0 = 12ω1, and φ 0 =
φ1 = 0, is drawn by thick black spiral in Fig 5.
It twists itself along the vortex wall dyed in light-
gray. The vorticity here has a maximal value on
the center of the tube. The velocity of revolution
in the vicinity of this center is minimal, vanishes
at the center and grows as a distance from the
center increases. After reaching of some maximal
value on the wall of the vortex core the velocity
then begins to decrease.
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FIG. 6: Different modes of vortex rings having the radiuses a0 = 4 and b1 = 0.01, (φ 0 = φ1 = 0): (a) a degenerate loop,
ω 0 = 0. It lies in the plane (x, y) and never passes through the top and bottom poles; (b) single associated loop, ω1 = ω 0;
(c) double-associated loop, ω1 = ω 0/2; (d) three times associated loop, ω1 = ω 0/3. Arrows 0, 1, 2, · · · show motions along the
loops. Arrows c1, c2, and c3 printed in (b) and (d) point onto points of intersections of the loops with themselves. Thin circles
emphasize the boundary of the vortex ball.
A. The vortex balls
Instead of the Hill’s spherical vortex where all
streamlines do not intersect [17], we shall con-
sider vortex objects where intersections of the
streamlines are allowed. These objects will be
named the vortex balls. ( The name ”vortex
ball” originates from the ball lighting - an aston-
ishing electromagnetic bundle of energy emerg-
ing often during thunderstorms).
When the radius b1 is greater than a0, the vor-
tex ring is the torus, Fig. 5. As soon as b1 be-
comes smaller than a0 the streamlines are pen-
etrating into the inner part of the ring and be-
gin to intersect with themselves. Such an ob-
ject in the limit b1 → 0 converges to a sphere
wherein the streamlines intersect each other on
the sphere surface. It is the dipole surface. Let
now the radius b1 in Eq. (14) tends to zero. The
helicoidal vortex ring in this case will transform
into the vortex ring enveloping a spherical ball
with the radius a0. Four different vortex rings
for four different relationships of ω 0 vs. ω1 are
drawn by thick curves in Fig. 6.
The arrows 0, 1, 2, etc., in Fig. 6 indicate paths
of travel on the loops. Except of the degenerate
loop, shown in Fig. 6(a), all loops begin from
the pole (x, y, z) = (0, 0, 4) and after a certain
time are returned in the same top pole. At that,
the return to the initial orientation of the ar-
row can occur after several passings through this
pole with different orientations of the arrow in
this pole. A simple return is shown in Fig. 6(b).
Here the return to the initial orientation occurs
after one revolution - through the revolution on
360 degrees. In the case of the double-associated
loop, Fig. 6(c), the return to the initial orienta-
tion occurs after two revolutions. After the first
revolution the arrow 0 changes its orientation
to opposite. It is the arrow 3. After the sec-
ond revolution the arrow comes to the position
7, which has the same initial orientation as the
arrow 0. So, the full revolution is 2 · 360 = 720
degrees. Conditionally speaking, such an alter-
6nation of the orientations at each revolution on
360 degrees can be expressed by the alterna-
tion of opposite colors placed on the color wheel
(Wikipedia: ’color wheel’) say, green, magenta,
green, magenta, etc. Observe that this revolu-
tion shows a good agreement with the rotation
of a 1/2–spin particle. The return to the initial
orientation of the arrow in the case of more com-
plex loops requires multiple passings through the
top pole with different orientations of the arrow
there. So, in the case of the triple-associated
loop the return to the initial orientation occurs
after three revolutions, Fig. 6(d). The full revo-
lution is equal to 3 · 360 = 1080 degrees. Chang-
ing orientation at each revolution on 360 degrees
can be expressed, conditionally, in alternation
of the primary color set: red, green, blue, red,
green, blue, etc. In a general, the full return to
the initial orientation in the top pole for the case
of n-th associated loop can be achieved after the
revolution on n·360 degrees.
B. Rotation about the z-axis
Observe that in the case of odd n, the n-th as-
sociated loops intersect their own paths at points
lying on the equatorial circle. In Figs. 6(b)
and 6(d) these points are pointed by arrows c1,
c2, c3. It would seem that counter flows in these
intersections should lead to destroying the vortex
balls. However, sum of these flows will initiate
rotation of the ball about the z-axis.
In the case of even number n, these loops
do not intersect themselves, as can be seen in
Figs. 6(a) and 6(c). However in the case of su-
perposition of several n-th associated loops with
different phase shifts φ 0 and φ 1 the intersection
is possibly. Such a case of the double-associated
loops is shown in Fig. 7. The two double-
associated loops drawn by black thick curves en-
velop the sphere along its surface. These loops
are shifted with respect to each other on the
phase φ1 = pi/2, therefore their intersection
takes place. The first loop (the phase is φ1 = 0)
bypasses the path along the arrows 1 to 2 to 3 to
4 and further again to 1. The second loop (the
phase is φ1 = pi/2) bypasses the path along the
arrows 1’ to 2’ to 3’ to 4’ and further closes on 1’.
It should be noted that the paths are traversed
through the poles always with changing orienta-
tion of the arrow in the opposite direction. The
arrow can take the same orientation only after it
does that again, see Fig. 6(c) for the details.
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FIG. 7: Two double-associated loops enveloping the sphere
of unit radius, a = 1, b ≈ 0.
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FIG. 8: Qualitative presentation of the self-organizing flow
on the wall of the vortex core for the case of the vortex ball:
a0 = 1, b1 ≈ 0.
By choosing different phases φ 0 and φ 1 from
the interval [0, 2pi) we can have different streams
along both paths by initiating rotation of the
ball about the z-axis with an orbital velocity
~v∗. It is equal to sum of two velocities of these
counter streams, ~v+ and ~v− (Fig. 7). These ve-
locities are result of differentiation of Eq. (14) by
t. Let us imagine that a small clot of the matter
moves along the loop in the vicinity of the point
(x, y, z). Then the velocity components, vx , vy ,
and vz , are as follows
7vx = − a0ω 0 sin(ω 0t+ φ 0) cos(ω1t+ φ1)
− a0ω 1 cos(ω 0t+ φ 0) sin(ω1t+ φ1)− b1ω1 sin(ω1t+ φ1),
vy = − a0ω 0 sin(ω 0t+ φ 0) sin(ω1t+ φ1)
+ a0ω 1 cos(ω 0t+ φ 0) cos(ω1t+ φ1) + b1ω1 cos(ω1t+ φ1),
vz = a0ω 0 cos(ω 0t+ φ 0), (15)
Intersection points lying on the equatorial cir-
cle are points where superpositions of the ve-
locities ~v+ and ~v− give the summary velocity
~v∗ oriented along the equatorial circle, that is,
~v∗ = ~v+ + ~v− = (2vx , 2vy , 0). The first velocity,
~v+, is calculated with the given phases φ 0 = 0,
φ 1 = 0, and the second velocity, ~v−, is calculated
with the phases φ 0 = 0, φ 1 = pi/2. Infinitesimal
shifts along these streamlines have the following
values:
δ~r± = ~v±δt. (16)
Here δt represents the infinitesimal time shift.
The new position
~r∗ = ~r0 + δ~r+ + δ~r− = ~r0 + ~v∗δt (17)
lies on the same circle with the initial point ~r0.
The circle lies in the plane perpendicular to the
z-axis – the motion occurs around the z-axis.
By choosing the loops with other phases φ0 and
φ1 one can cover the surface of the sphere by the
intersection points everywhere densely. In these
points sum of the velocities ~v+ and ~v− gives the
summary velocity ~v∗ lying in the plane (x, y).
All these velocities are oriented in the same di-
rection about the z-axis. So that, the resulting
rotation will occur about the z-axis, as shown in
Fig. 8. Note that this self-organizing flow rotates
about the z-axis repeating after each revolution
on 720 degrees. Figuratively speaking, the vor-
tex ball changes its color at each revolution on
360 degrees (say, green to magenta, magenta to
green, etc.). We may imagine the 1/2 spin with
installed to its tip a flag which rotates on the
surface of 3D sphere in such a manner. The flag,
at each revolution on 360 degrees, changes its
orientation on opposite. It is picture of the spin
rotation in the quaternionic representation [1].
IV. OBJECT SPIN-1/2 AND THE ANOMALOUS
MAGNETIC MOMENT OF ELECTRON
Let us look on these transformations with per-
spective of the group SU(2). First we define the
angular velocity, ~Ω as the rate of change of an-
gular displacement of the flag (harpoon-arrow)
on the sphere with the radius a0:
~Ω =
~r × ~v
R
|r |2
∣∣∣∣∣
r=a0
(18)
Now we rewrite Eq. (15) in assumption b1 → 0,
ω1 = ω 0/2, and let the phases, φ0 and φ1, be
absent (hereinafter, for the sake of simplicity, we
shall omit subscript 0). We have:
Ω+ = Ωx + iΩy = −1
2
ω exp
{
i
ω
2
t
}(
2 sin(ωt)− i cos(ωt)
)
,
Ω− = Ωx − iΩy = −1
2
ω exp
{
−iω
2
t
}(
2 sin(ωt) + i cos(ωt)
)
,
Ωz = ω cos(ωt). (19)
Here Ωx = vx/a0, Ωy = vy/a0, Ωz = vz/a0. Now we may write the equation describing be-
havior of the spin-1/2 under influence of a field
8a b
FIG. 9: The Feynman diagram showing the second-order
contribution to the anomalous magnetic moment. Rectangles
a and b drawn by dotted lines highlight areas where the sim-
ilar second-order diagrams can be added. Thick line drawn
below the wavy line marks the zero-point vacuum background
(as a symbol of the ground in electronic circuit diagrams).
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FIG. 10: The term n!α/2pi versus n.
(h¯Ωx, h¯Ωy, h¯Ωz) [11]
ih¯
∂
∂ t
(
ψ↑
ψ↓
)
=
(
θz θx − iθy
θx + iθy −θz
)(
ψ↑
ψ↓
)
. (20)
Here the energy coefficients (θx, θy, θz) stem from
(Ωx,Ωy,Ωz) by multiplying the latter by h¯. More
definitely h¯ω represents the energy level of the
rotation about z-axis.
We may continue this consideration by intro-
ducing the magnetic field ~B [10] that acts on
the spin-1/2 particle in the following manner
~θ = µe(~σ, ~B). Here ~σ is the 3-component op-
erator consisting of 2 × 2 Pauli matrices σx, σy,
and σz. Let µe be in the first approximation, the
Bohr magneton
µ
B
=
eh¯
2me
≈ −9.27401452557× 10−24 J ·T−1,
(21)
which gives the magnetic moment of the Dirac
electron. Here e is the electron charge (it is nega-
tive) and me is its mass. System of units adopted
here is SI.
Observe, however, that the electron has the
anomalous magnetic moment that slightly dif-
fers from the above value. This difference is
induced by interaction of the charged particle
with the zero-point oscillations of the electro-
magnetic field [9]. This interaction occurs due
to exchange of the particle energy with the zero-
point vacuum fluctuations. As for our case, it is
manifested in that the vortex draws into a whirl
vacuum fluctuations which can be positioned far
away of the vortex core.
Schwinger was first to compute the anomalous
magnetic moment in 1947 [14]
µe = µB(1 + α/2pi)
≈ −9.28478137856× 10−24 J ·T−1. (22)
He has applied the one-loop correction for cal-
culation of the anomalous magnetic moment as
shown in Fig 9. Here α = e2/(4pi0h¯ c) is the
fine structure constant, 0 is the vacuum per-
mittivity, and c it the light speed. In fact,
Schwinger has shown, that the fine structure
constant (more definitely, the term α/2pi) plays
an important role at calculating this moment.
Sommerfield in 1958 has calculated a more
exact value of the anomalous magnetic mo-
ment [15], which has the following representation
µe ≈ µB(1 + α/2pi − 1.312(α/2pi)2)
≈ −9.284764966× 10−24 J ·T−1. (23)
For comparison, the most accurate value for the
electron magnetic moment is as follows µe =
(−9.28476377 ± 0.000 000 23) × 10−24 J ·T−1.
(This value is given in Wikipedia: ‘Electron
magnetic moment’).
One may guess that the term α/2pi shows itself
in fractal cascades of the second-order diagrams.
We may highlight areas in the second-order dia-
gram, Fig. 9, where the similar diagrams can be
realized. They are drawn by dotted rectangles.
A contribution of these diagrams falls with more
deep their location. However amount of these
diagrams can grow as n!. Such a fractal struc-
ture can be reproduced through the continued
fraction:
9µe = µB
1
1− α/2pi
1 +
2!α/2pi
1− 4!α/2pi
1− 6!α/2pi
1 +
8!α/2pi
1− 10!α/2pi
1− 12!α/2pi
1 +
14!α/2pi
1− 16!α/2pi
1− 18!α/2pi
1 + · · ·
. (24)
Note that signs in this fraction alternate as fol-
lows −,−,+,−,−,+, · · ·, the Bohr magneton
has negative sign, see Eq. (21). The calcu-
lation of this fraction up to the contribution
of the member 1 − 18!α/2pi gives the follow-
ing result µe ≈ −9.28476339 × 10−24 J ·T−1.
One may guess, however, that not all terms
in this continued fraction can give correct con-
tributions. Sooner or later the term n!α/2pi
will exceed unit. Fig. 10 shows growth of this
term as n increases. We see that at n = 6
the value of n!α/2pi reaches almost 1 and fur-
ther it grows catastrophically. So that n = 6
is the limiting number, higher of which calcu-
lated values of the continued fraction (24) lose
sense. A value of the continued fraction calcu-
lated up to the limiting number n = 6 is as fol-
lows µe ≈ −9.28476377× 10−24 J ·T−1.
V. CONCLUSION
The modified Navier-Stokes equation with the
two slightly changed terms [13] - the inter-
nal pressure and the viscosity of the superfluid
medium, describes a wide spectrum of motions
in this medium. The medium represents physical
vacuum, consisting of enormous amount of vir-
tual particle-antiparticle pairs. These particle-
antiparticle pairs constitute the Bose-Einstein
condensate which fill all the space.
The internal pressure divided by the density
distribution of the particle-antiparticle pairs is
the quantum potential. So, the spooky action
at the distance is achieved due to the osmotic
pressure arising in this superfluid medium at its
motion. That fact that the physical vacuum is
the superfluid medium, it follows that its viscos-
ity vanishes. We guess that time-averaged the
viscosity is zero. But its variance is not zero. It
means that there is a regular exchange of energy
of a particle with the zero-point vacuum fluctu-
ations.
A particle in question can be a vortex be-
ing created from the vacuum medium. More
definitely, the particle is the helicoidal vortex
ring. (One can guess that the helicoidal vor-
tex rings are similar to strings [20] after re-
ducing them onto the 3D-brane, to our three-
dimensional space). Topologically the vortex
ring can be transformed further to the vortex
ball (in some sense it is the vortex bubble) hav-
ing two poles - up and down. Flows on such an
object can pose complicated patterns. It is im-
portant to emphasize, that due to viscosity fluc-
tuations near zero, exchange between the vor-
tex and the zero-point vacuum fluctuations takes
place. Because of such an exchange, the vortex
ball trembles and lives as long as possible. Such
a trembling can provide interaction between dif-
ferent vortex objects due to the osmotic pressure
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arising in the medium. It is analogous to the ex-
change of phonons between the electrons forming
the Cooper pairs in the superfluid helium [18].
The so-called vortex wall represents a spheri-
cal surface of the vortex ball where the vortex
flows reach a maximal orbital speed. Below this
surface, the orbital speed decreases monotoni-
cally up to zero when moving to the center of
the ball. As we move from the ball onto infin-
ity the orbital speed decreases monotonically up
to zero also. The flows on the vortex walls can
pose complicated patterns. An interesting case is
when the pattern turns inside out after rotation
on 360 degrees and returns to the initial position
after repeated rotation on 360 degrees. Condi-
tionally, one may imagine as periodic change of
the wall color after each revolution on 360 de-
grees, say from green to magenta, from magenta
to green, etc.
In conclusion we may outline the following
resume: the modified Navier-Stokes equation
in pair with the continuity equation describes
flows of the special superfluid medium [13] in
which two flows are identified - irrotational and
solenoidal flows. The first flow is conditioned by
existence of a scalar field. This field represented
by the action S determines mobility of a particle
through gradient of this function. Whereas coor-
dinates of the particle can be measured accurate
to its probabilistic position, through evaluations
of the probability density distribution. These
two quantities are represented in the complex-
valued wave function which is the solution of the
Schro¨dinger equation. The second flow is the so-
lution of the vorticity equation stemming from
the Navier-Stokes equation. This equation can
give a set of vortex solutions that evolve against
the background of the scalar field. Observe that
the vortices are robust long-lived objects which
tremble in time.
If we adopt that the vortices, like strings, rep-
resent particles, then in the light of the results,
outlined in the previous article [13] motion of
these particles is in good agreement with de
Broglie-Bohm theory [2–4]. According to this
theory the wave function is a pilot wave that
guides the vortex along a most optimal path [5]
from a source to a detector. The communica-
tion can be as follows. The vortex trembles and
due to this perturbs virtual particle-antiparticle
pairs, inhabiting the superfluid vacuum medium.
It leads to forming the constructive and destruc-
tive interference induced by a synergistic effect
of these pairs. Through the wave function the
vortex obtains back information about its state
in the space through which it moves.
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